Background: There is limited evidence to support the recommendation that patients with heart failure (HF) restrict sodium intake. The purpose of this study was to compare differences in cardiac event-free survival between patients with sodium intake above and below 3 g. Methods: A total of 302 patients with HF (67% male, 62 6 12 years, 54% New York Heart Association [NYHA] Class III/IV, ejection fraction 34 6 14%) collected a 24-hour urine sodium (UNa) to indicate sodium intake. Patients were divided into 2 groups using a 3-g UNa cutpoint and stratified by NYHA Class (I/II vs. III/IV). Event-free survival for 12 months was determined by patient or family interviews and medical record review. Differences in cardiac event-free survival were determined by Kaplan-Meier survival curve with log-rank test and Cox hazard regression. Results: The Cox regression hazard ratio for 24-hour UNa $ 3 g in NYHA Class I/II was 0.44 (95% confidence interval [CI] 5 0.20-0.97) and 2.54 (95% CI 5 1.10-5.84) for NYHA III/IV after controlling for age, gender, HF etiology, body mass index, ejection fraction, and total comorbidity score. Conclusions: These data suggest that 3 g dietary sodium restriction may be most appropriate for patients in NYHA functional Classes III and IV. (J Cardiac Fail 2011;17:325e330) 
There is general agreement among nutrition guidelines that individuals without heart failure (HF) should limit sodium intake to less than 2.3 g, whereas those with hypertension, blacks, and middle-aged and older adults should limit intake to 1.5 g of sodium per day. 1, 2 In contrast, there is a lack of consensus among the 3 major guidelines regarding the recommended level of dietary sodium intake for patients with compensated HF. The recommended limit in the Heart Failure Society of America guidelines is 2 to 3 g per day. 3 The former American College of Cardiology/American Heart Association guidelines included a recommendation to limit sodium intake to 3 to 4 g per day. 4 In the most current guidelines, however, only a nonspecific recommendation of moderate sodium restriction is provided. 5 Similarly, the European Society of Cardiology guidelines provide only the nonspecific recommendation that sodium intake be limited when necessary. 6 The evidence to support the recommendation for the general public was based on research for prevention and treatment of hypertension in individuals without cardiac dysfunction 1,2 and may not be applicable to patients the HF. The level of evidence to support the recommendation in all HF guidelines was listed as level C, Expert Opinion, indicating limited supporting evidence. This limited evidence is likely responsible for the lack of consensus among HF guidelines and the trend toward providing only nonspecific recommendations for sodium restriction.
Previous investigators have reported that fluid overload secondary to excessive dietary sodium intake is the most common reason for rehospitalization related to acute decompensated HF. 7e10 Excess dietary sodium intake in these studies was determined by patient self-report or medical record review. Thus, the actual level of sodium intake associated with hospitalization was not estimated in any prior study. In addition, most prior studies were published more than 10 years ago and may not reflect patient responses to dietary sodium intake under current management guidelines. Further, there is evidence that patients may respond differently to sodium restriction depending on symptom severity (ie, New York Heart Association [NYHA] functional class).
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These potential differences have not been considered in previous research. Therefore, the purpose of this study was to compare differences in event-free survival among patients with sodium intake above and below 3 g stratified by NYHA functional class. The 3 g cut point was chosen because it represents the upper limit of sodium intake specified in the Heart Failure Society of America guidelines, 3 the only guidelines with a specific level of sodium restriction.
Methods

Design, Setting and Participants
This was a prospective observational study of patients with HF recruited from outpatient clinics associated with 6 large community hospitals or academic medical centers in Kentucky, Georgia, Indiana, and Ohio.
A total of 349 patients were eligible for this study. One patient declined to participate, 7 patients withdrew, 3 patients were lost to follow-up, and 36 were determine to have incomplete 24-hour urines based on urine collection logs or 24-hour urinary sodium excretion (UNa) values below 40 mEq$L$day. 12 Subsequently, 302 patients were included in the study. Eligibility criteria for participation included: (1) confirmed diagnosis of chronic HF with either reduced left ventricular ejection faction (LVEF) !40% or preserved LVEF $40%, (2) on stable doses of medications for at least 3 months, and (3) able to read and speak English. Exclusion criteria were: (1) referred for heart transplantation; (2) history of acute myocardial infarction or cerebrovascular accident within the prior 3 months; (3) valvular heart disease, peripartum HF, myocarditis as primary HF etiology; (4) other known inflammatory processes; (5) end-stage renal failure; or (6) coexisting terminal illness such as cancer.
Measurements of variables
Dietary Sodium Intake. The level of dietary sodium intake was estimated by measurement of 24-hour UNa. 13 The measurement of 24-hour UNa is considered an objective indicator of dietary sodium intake. In individuals who do not perspire heavy, 24-hour UNa accounts for approximately 95% to 98% of dietary sodium intake 14 and is correlated with dietary sodium intake measured by food diaries. 15, 16 Clinical Variables. Age, gender, etiology of HF, NYHA functional class, LVEF, prescribed medications, and total comorbidity score using Charlson's comorbidity index 17 were collected through patient interview and review of medical records. NYHA functional class was determined by a structured patient interview that determined symptom severity related to activities. Height and weight were measured by the trained research nurses using calibrated scales and professional grade stadiometers in the General Clinical Research Center at each site. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). The majority (98%) of the patients prescribed diuretics were prescribed furosemide, bumetadine, torsemide, or hydrochlorothiazide. Diuretic doses were available on 222 patients. For the purposes of betweengroup comparisons, the doses for patients on loop diuretics (n 5 197) were converted to furosemide equivalents using the following formula: furosemide 5 1 mg, bumetadine 5 0.0375 mg, and torsemide 5 0.5 mg. 18 The remainder (n 5 25) were prescribed hydrochlorothiazide and compared separately.
Event-free Survival. The primary outcome of this study was defined as the composite end point of time to first event of emergency department (ED) visit or hospitalization for HF or other cardiac-related cause and all-cause mortality during the 12-month follow-up period. Patients were asked to report ED visits and hospitalizations during monthly telephone follow-up interviews and their responses were confirmed by review of hospital records. Data regarding death were collected from interviews with family members or physicians and were confirmed by review of medical records and death certificates.
Procedure
This study was approved by the institutional review boards at each site. Eligible patients were referred by cardiologists and nurse practitioners to the investigators. Trained research assistants explained the purposes and procedures for the study and written informed consent was obtained. Patients were visited in their home to provide urine collection equipment with detailed written and verbal instructions for the 24-hour collection procedure. They were also instructed to continue their normal eating and drinking habits. No patients were placed on fluid restriction by their health care provider during the study period. To insure accurate and complete urine collection, a research assistant called patients the morning urine collection began to review the procedure and remind them of start and end times for urine collection. Patients recorded volume and time of each void in a log. The logs and urine container were brought by patients to the General Clinical Research Center the morning of 24-hour urine collection completion. Research nurses verified data on clinical variables and completeness of 24-hour urine collection. Patients were followed by telephone interview every month for 12 months to collect event-free survival data.
Statistical Analysis
Data analyses were performed using SPSS for Windows 16.0. Descriptive statistics including frequencies with percents and means with standard deviations were used to describe patient characteristics. For the purpose of using UNa as an estimate of dietary sodium intake, UNa in mmoles was converted to mg (mg 5 mmole Â 22.99). Patients were stratified into NYHA Class I/II and III/IV and grouped within each stratum using a 3 g 24-hour UNa cut point. Differences in event-free survival between groups within each stratum was tested using a Cox proportional hazards model while controlling for age, gender, HF etiology, BMI, LVEF, and total comorbidity score. A hazard ratio (HR) for event-free survival was obtained for all independent variables along with 95% confidence intervals (CIs).
Results
Sample Characteristics
Sample characteristics are shown in Table 1 . The majority of patients were older than age 65 years (23-97 years). More than a half of the patients were obese. As a group, patients were primarily in NYHA functional Class II and III. There were no differences in frequency of prescribed medications or in diuretic doses between the stratified groups.
Other patient characteristics were similar except those in NYHA Class I/II had a slightly higher mean LVEF and a lower total comorbidity score than patients in Class III/IV.
24-hour UNa as an Indicator of Dietary Sodium Intake
Sixty-six percent of patients had 24-hour UNa excretion that indicated a daily sodium intake of more than 3 g. There was no difference in mean UNa between NYHA Class I/II and Class III/IV (Fig. 1) . Similarly, there was no difference in event-rates between NYHA Class I/II and III/IV.
24-hour UNa and Event-free Survival
Over the median follow-up period of 12 months, 59 patients were hospitalized, 11 had ED visits for decompensated HF or other cardiac-related problems, and 7 patients died. Table 2 presents a comparison of events between NYHA Class I/II and NYHA Class III/IV.
The Cox proportional hazards models are presented in Table 3 . Patients in NYHA Class I/II with a 24-hour UNa greater than 3 g had longer event-free survival than patients with UNa less than 3 g (hazard ratio [HR] 5 0.44, 95% CI 5 0.20-0.97) controlling for age, gender, etiology of HF, BMI, LVEF, and total comorbidity score (Fig. 2) . In contrast, patients in NYHA Class III/IV with a 24-hour UNa greater than 3 g had shorter event-free survival than patients with UNa less than 3 g (HR 5 2.54, 95% CI 5 1.10-5.84) (Fig. 3) controlling for the same variables.
Discussion
To the best of our knowledge, this was the first prospective study to demonstrate that a specific level of sodium intake was associated with event-free survival of patients with HF. The most surprising finding was the differences in event-free survival between NYHA functional classes using the 3 g UNa cut point. Unexpectedly, patients at NYHA Class I/II with UNa less than 3 g had shorter event-free survival than NYHA Class I/II patients with higher UNa. More consistent with the current understanding of the effects of sodium intake on outcomes, patients classified as NYHA 6 7) ACE, angiotensin-converting enzyme; HF, heart failure; NYHA, New York Heart Association functional class. *P ! .05 by independent t-test between NYHA classes I/II vs. III/IV. Fig. 1 . 24-hour urinary sodium excretion.
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Class III/IV with UNa O3 g had shorter event-free survival than NYHA Class III/IV with lower UNa.
It is not possible to determine from our data the mechanisms responsible for the contrasting results. However, we suggest the following as one potential explanation. The majority of patients were prescribed diuretics, angiotensinconverting enzyme (ACE) inhibitors, and/or angiotensin II receptor blockers (ARB) and aldosterone antagonists. Diuretics were prescribed to enhance sodium excretion, normalize sodium balance, and decrease fluid retention. 5 In patients at NYHA Class I/II, these drugs may be sufficiently effective that restriction of dietary sodium results in a sodium deficit that triggers the renin-angiotensin aldosterone system limiting the effectiveness of ACE inhibitors, ARBs, and aldosterone antagonists. In contrast, diuretics may be less effective in more symptomatic patients at NYHA Class III/IV making sodium restriction necessary to prevent fluid retention and minimize risk of exacerbation.
There are data to support the hypothesis that sodium restriction may trigger compensatory responses in medically stable patients with HF. Paterna et al 11 enrolled 232 NYHA Class II patients 30 days postdischarge from a hospitalization for decompensated HF. The patients were randomized into 2 groups. One group (n 5 114) received a 1.8-g sodium diet and the other group (n 5 118) a 2.8-g sodium diet. Patients were placed on either a 1 or 2 L fluid restriction and prescribed 250 to 500 mg of furosemide daily. Over the 180-day study period, patients in the 1.8 g sodium intake group had a higher readmission rate. At 180 days, the 1.8 g sodium diet group had an average B-type natriuretic peptide level 350 pg/mL higher in than in the 2.8 g sodium diet. Aldosterone levels were also higher in the 1.8 g sodium diet group averaging nearly double the levels of the 2.8 g sodium diet group. Similarly, the 1.8 g sodium diet group experienced a 44% increase in plasma rennin activity from baseline, whereas those in the 2.7 g sodium diet group had no change in plasma rennin activity over 180 days. In a subsequent 12-month study using the same protocol, similar neurohormonal activation and higher rates of hospital admissions or death were evident in patients on a 1.8 g sodium diet compared with patients on a 2.8 g diet. 19 At 12 months, patients on the 1.8 g diet had significantly higher levels of the proinflammatory cytokines tumor necrosis factor-a, and interleukin-6 and lower levels of the anti-inflammatory cytokine interleukin-10 than patients on a 2.8 g sodium diet. These results are consistent with the hypothesis that sodium restriction can trigger compensatory neuroendocrine and inflammatory responses in NYHA Class II patients that could lead to hospitalization for HF exacerbation.
Damgaard et al 20 compared body weight, plasma volume, hemodynamic and neuroendocrine responses, and urinary sodium excretion in a small group of 12 male patients with compensated HF with a group of age-matched healthy controls after 7 days on a 5.7 g vs.1.6 g sodium diet. Patients with HF had a comparable increase in body weight and expansion in plasma volume on the 5.7 g diet as the healthy controls. Urinary sodium excretion of patients with HF was the same as healthy controls at both 5.7 g and 1.6 g dietary sodium intake indicating patients did not retain sodium while on the 5.7 g sodium diet. The expansion of plasma volume in patients with HF on the 5.7 g diet was accompanied by higher stroke volume and lower resting heart rate and total peripheral resistance compared with the 1.6 g diet. Norepinephrine, epinephrine, and angiotensin II levels were all significantly lower in patients with HF while on the 5.7 g diet than while on the 1.6 g diet. Pro-B-type natriuretic peptide levels in patients with HF did not differ between the two diet conditions. These data suggest that a higher sodium diet in patients with compensated HF is associated with better cardiovascular function and decreased neuroendocrine activity both of which should lead to longer event-free survival. The average 24-hour UNa was 4.1 g in this study and less than 15% of patients had a UNa that indicated sodium intake !2 g per day. Considering that the upper range of sodium intake of healthy Americans is 4.1 g, 22 this finding reflects that a low sodium diet (!3 g) was rarely followed by patients in this study. Indeed, patients with HF have considerable difficulty initiating and maintaining a low sodium diet. 23 Neily and colleagues 24 reported that only 14% of the patients with HF were aware of the guideline for a low sodium diet. Additionally, most patients with HF state they do not know the best methods for limiting sodium in the diet. 12, 23 The information given by health care providers has been reported to be insufficient to patients to understand how to follow a low sodium diet. 25, 26 Among the barriers to adherence, patients have identified the lack of sound rationale for the low sodium diet. 24e26 The provision of an evidence-based level of sodium intake and the link between worsening symptoms and non-adherence to the low sodium diet could address this barrier and may improve adherence.
Limitations
Although 24-hour UNa has been shown to be a good measure of dietary sodium intake, UNa works best in stable patients who have normal fluid and sodium balance. Patients with HF have altered hormonal responses that can lead to fluid and sodium retention. This may make UNa an unreliable indictor of dietary sodium intake. However, diuretics, ACE inhibitors, and aldosterone antagonists are provided to normalize sodium and fluid balance in patients with HF. We recruited patients who were weight-stable and had been on the same doses of all medications for 3 months before enrollment indicating stable fluid and sodium balances. In these patients, sodium excretion can be assumed to be a reliable marker of dietary sodium intake. This assumption is supported by data that show patients with compensated HF have the same urinary sodium excretion as healthy controls over a wide range of dietary sodium intake. 20 We also note that 24-hour urine was measured one time. Therefore, this single 24-hour urinary sodium excretion may not reflect long-term sodium intake. Finally, stratifying patients by different markers of HF severity may provide additional insight.
Conclusion
Prior researchers demonstrating worse event-free survival in patients on low-sodium diets included fluid restrictions and diuretic doses that are not reflective of the typical patient with HF. 11, 19 The study in which patients with medically compensated HF showed no evidence of sodium retention and better hemodynamic responses while consuming a high sodium diet was short term with no event-free survival data. 20 None of these studies included comparisons of patients with different levels of HF severity. Our data demonstrated that patients in NYHA Class III/IV with dietary sodium intake greater than 3 g were approximately 2.5 times more likely to be hospitalized for cardiac problems or die after controlling for key clinical variables. This finding is consistent with current recommendations. Conversely, sodium intake less than 3 g was associated with higher risk for hospitalization and death in patients at NYHA Class I/II. This finding suggests that sodium restriction may not be effective for some patients with less symptomatic HF. Clearly, additional research is needed to clarify the role of dietary sodium restriction in management of patients at different stages of HF before definitive recommendations can be made. Evidence suggests that future studies will need to consider diuretic dose in conjunction with level of sodium intake 21 to provide a full understanding of the interaction between sodium intake and medical management of patients with HF. Fig. 2 . Adjusted differences in cardiac event-free survival between patients above and below the cutpoint of 3g for 24-hour urinary sodium excretion in New York Heart Association Class I/II. Fig. 3 . Adjusted differences in cardiac event-free survival between patients above and below the cutpoint of 3g for 24-hour urinary sodium excretion in New York Heart Association Class III/IV
